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(57) ABSTRACT

A seal arrangement for a ship’s propeller shaft includes at
least one oil-filled seal chamber bounded by seal rings around
the shaft, as well as an oil reservoir tank, an oil supply line
connecting the tank to the bottom portion of the seal chamber,
an oil circulation pump interposed in the supply line between
the tank and the seal chamber, and an oil return line commu-
nicating from the upper portion of the seal chamber back to
the tank. Thereby, oil is continuously circulated through the
seal chamber, and thereby flushes out any contaminant par-
ticles, air or water that might enter the seal chamber.
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1
SEAL ARRANGEMENT FOR A ROTATING
SHIP PROPELLER SHAFT

PRIORITY CLAIM

This application is based on and claims the priority under
35 USC 119 of German Patent Application 10 2012 016
447.5, filed on Aug. 18, 2012, the entire disclosure of which
is incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to a seal arrangement for sealing
around the rotating shaft that drives a ship’s propeller,
between an exterior water side and an interior side, for
example where the rotating shaft passes through a stern tube
or bushing that penetrates through the stern of the ship’s hull.

BACKGROUND INFORMATION

Various types and configurations of seal arrangements,
bushings, packing boxes, stuffing boxes and the like are
known for providing a seal around the rotating shaft that
drives a ship’s propeller, where the shaft penetrates through
the stern of the ship from the interior to the exterior of the
ship’s hull. The seal arrangement must effectively prevent
water from the exterior environment, i.e. from the exterior of
the hull below the waterline, leaking into the interior of the
hull where the shaft penetrates through the hull, while still
allowing the shaft to rotate. Preferably, the seal arrangement
should also dissipate the frictional heat that arises due to
rubbing friction of seal elements on the rotating shaft, and
should allow for the removal of wear particles or other con-
taminants from the seal arrangement, and further should pro-
vide a long operating life and allow easy maintenance.

One known type of seal arrangement uses plural seal rings
spaced axially from one another along the propeller shaftin a
stern tube, thereby forming successive seal chambers respec-
tively between successive ones of the seal rings. An outermost
chamber can be filled with seawater, an intermediate chamber
can be pressurized with a compressed gas such as compressed
air, and a third inner chamber can be filled with oil. Such an
embodiment of a seal arrangement is known from the German
Patent DE 44 34 247, for example, and also see German
Patent DE 37 42 079. The entire disclosures of these two
German Patents are incorporated herein by reference.

In practice, it has been found that further improvements
would be desirable. For example, in large ships, the oil lines
supplying oil to the oil-filled chamber must be quite long,
which adds to the complexity, cost and weight of the overall
system.

In such known systems, there is also the danger of air
passing from the pressurized air-filled chamber into the adja-
cent oil-filled chamber. This can cause air bubbles and foam-
ing in the lubricating oil, and it may not be possible to com-
pletely remove these air bubbles, foam or gas inclusions from
the lubricating oil via a ventilation or de-gassing line. As a
result, the oil may provide an inadequate lubricating effect,
which leads to more-rapid wear and premature failure or
damage of the seal rings. Furthermore it has been found that
the oil present in the oil-filled chamber ages prematurely and
loses its required lubricating properties due to strong thermal
and mechanical loads and demands being placed on this oil.
Also, this o0il can become contaminated with wear particles
caused by wear of the seal rings and the bushing, and also can
become water-contaminated due to penetration of water past
the seal rings into the oil-filled chamber. It is not possible to
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regularly exchange the oil in the oil-filled chamber, so that
after a certain time of operation, the 0il’s lubrication effect of
the seal rings is no longer optimal, and due to the breakdown
of the oil over time a chemical degradation of the seal rings
may also arise.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the invention to
provide a relatively wear-resistant seal arrangement that
achieves a long operating life between maintenance intervals,
while avoiding, preventing or significantly reducing the
occurrence of the problems and deficiencies of known seal
arrangements, for example as discussed above. Furthermore,
the invention aims to provide such a seal arrangement that
makes it possible to remove any gas bubbles or inclusions,
any wear particles or other contaminants, any water contami-
nant, and excess heat from the oil in the oil-filled chamber.
The invention further aims to provide a robust and highly
effective and functional arrangement for sealing a ship’s pro-
peller shaft, while avoiding or overcoming the disadvantages
of'the prior art, and achieving additional advantages as appar-
ent from the present specification. The attainment of these
objects is, however, not a required limitation of the claimed
invention.

The above objects have been achieved according to the
invention in a seal arrangement beginning from the generally
known arrangement discussed above, wherein further accord-
ing to the invention, an oil supply line and an oil return line
connect the oil-filled chamber of the seal arrangement with an
oil reservoir tank, and an oil circulation pump is provided in
the oil supply line between the tank and the oil-filled chamber
of the seal arrangement. Further particularly in a preferred
embodiment, the oil supply line communicates into the lower
portion e.g. lower half (preferably at the bottom) of the oil-
filled chamber, while the oil return line returning to the oil
tank communicates out of the upper portion e.g. upper half
(preferably at the top) of the oil-filled chamber. This arrange-
ment according to the invention achieves the advantages that
a continuous flowing replacement and flushing of the oil in
the oil-filled chamber is achieved, and any possible air intro-
duced from the pressurized air chamber into the oil of the
oil-filled chamber is flushed out of the chamber through the
oil return line leading back to the oil reservoir tank. Similarly,
any particulate contaminants or any water that get into the oil
in the oil-filled chamber are also flushed out in the flow of
circulating oil. When the oil is returned to the tank and recir-
culated, any contaminants such as air bubbles, water or par-
ticles can be removed. A continuous exchange ofthe oil in the
seal chamber is made possible. It is also possible to continu-
ously cool the circulating oil, thereby ensuring that the seal
arrangement does not overheat.

In a further preferred embodiment of the invention, the seal
arrangement additionally includes a fourth seal chamber that
is also filled with oil and sealed by an outwardly directed seal
ring, similar to the abovementioned oil-filled third chamber.
Additionally, this embodiment preferably includes another
oil reservoir tank as a high tank to achieve gravitational pres-
surization of the oil, as well as another circulation pump
interposed in an oil supply line from the additional tank to the
lower portion of the oil-filled fourth chamber, and another oil
return line communicating from the upper portion of the
oil-filled fourth chamber back to the additional tank. This
additional oil-filled chamber and additional oil circulating
system provides redundancy to the first circulation system
described above and thereby improves the seal arrangement
effectiveness as well as the longterm reliability thereof.
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Still further, in another preferred embodiment, the seal
arrangement may include a fifth seal chamber that is also
filled with circulating oil, and that is similarly connected to its
own separate oil reservoir tank, its own additional circulation
pump in an oil supply line that communicates from this tank
to the lower portion of this fifth seal chamber, and another oil
return line communicating from the upper portion of this fifth
seal chamber to the separate tank.

The oil reservoir tank supplying oil to the oil-filled fifth
seal chamber (or any one of the tanks supplying oil to any one
of the oil-filled chambers) is preferably arranged at a height
from 0.5 m to 4 m above the centerline of the propeller shaft
in a particular embodiment, to achieve the desired gravita-
tional pressurization of the oil in the circulation system to the
respective oil-filled chamber. In another optional feature, the
oil level in the tank may be at the same height as or somewhat
higher than the waterline on the ship’s hull, to achieve in the
oil-filled seal chamber a static pressure of the oil that is equal
to or slightly higher than the water pressure of the water
outside the hull at the depth of the propeller shaft.

In further alternative embodiments, the additional oil-filled
fourth seal chamber and/or the additional oil-filled fifth seal
chamber can be supplied with oil from one common shared
oil reservoir tank, or even a single shared tank that supplies oil
to all of the oil-filled chambers. It is also possible to provide
only a single circulating pump in a single oil supply line, or to
provide separate redundant systems as described above. The
separate oil tanks and oil supply systems not only provide
redundancy, but also allow different oil pressure levels to be
achieved in the respective oil-filled seal chambers.

Furthermore, as a protective arrangement, a filter for filter-
ing out or separating solid contaminant particles and/or water
from the circulating oil is preferably arranged in the oil supply
line between the tank and the respective connected oil-filled
seal chamber. Furthermore, in order to enable a removal or
draining of water from the filter that is preferably deployed as
just mentioned, the system preferably further includes a sen-
sor for detecting a water accumulation fill level in the filter or
in a separate water separator, in the oil supply line between
the tank and the oil-filled seal chamber.

As a further safety measure, the system preferably addi-
tionally includes a bypass line from the oil reservoir tank to
the oil-filled seal chamber, so as to provide oil even in the
event of any arising blockage of the main oil supply path
including the oil circulation pump, filter etc. in the main oil
supply line between the tank and the respective oil-filled seal
chamber. In this regard further, an oil flow meter is preferably
provided in the main oil supply line between the tank and the
seal chamber, and the oil flow meter is connected to an actua-
tor of a bypass valve in the bypass line to control the bypass
line from the tank to the seal chamber.

As a further preferred feature, an oil cooler can be inter-
posed in the oil supply line between the tank and the oil-filled
seal chamber in order to cool the circulating oil and thereby
reduce the temperature and the thermal loading of the oil-
lubricated and oil-cooled seal arrangement. In this manner,
any heat that arises from friction in the seal arrangement can
be dissipated or removed. This extends the operating life of
the oil and the seal arrangement.

With the above arrangement, any physical contaminant
particles such as wear particles, or water contamination, or air
contamination entering the oil in the oil-filled seal chamber is
continuously flushed out of the seal chamber by the circulat-
ing oil. Especially any air entering the seal chamber will tend
to flow or bubble to the top portion of the seal chamber, where
it is readily flushed out of the seal chamber through the oil
return line that communicates out of the top portion (prefer-
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ably directly at the top) of the seal chamber. When this oil is
circulated back into the oil reservoir tank, air inclusions in the
oil tend to rise and bubble out of the relatively stagnant oil in
the reservoir tank, while physical contaminant particles tend
to fall and separate out of the relatively stagnant oil in the
reservoir tank, where they can also be flushed out of the tank
to the inline filter as discussed above. It is also easy to supple-
ment or exchange the oil as necessary at regular maintenance
intervals, without needing to disassemble or open the seal
arrangement itself. Furthermore, the wear condition of the
seal rings can be judged by monitoring the condition of the
circulating oil, i.e. if the contaminant (air, water or particle)
loading in the oil increases above an acceptable level, this
indicates that the seal rings have worn beyond an acceptable
level.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be clearly understood, it
will now be described in further detail in connection with two
example embodiments thereof, with reference to the accom-
panying drawings, wherein:

FIG.1is a schematic diagram of a seal apparatus according
to a first embodiment, with an active oil circulation to a seal
arrangement having four seal rings or seal lips; and

FIG. 2 is a schematic diagram of an apparatus according to
a second embodiment similar to that of FIG. 1, but having a
total of six seal rings or seal lips forming five successive seal
chambers in the seal arrangement.

DETAILED DESCRIPTION OF PREFERRED
EXAMPLE EMBODIMENTS AND THE BEST
MODE OF THE INVENTION

As shown in FIG. 1, an apparatus according to the inven-
tion includes a control arrangement 1 and a seal arrangement
18 as a multiple seal for providing a seal around a propeller
shaft 28 that drives a propeller 19 below the waterline outside
ahull of a watercraft, after passing outwardly through a stern
tube or a stern seal bush housing 27. The “watercraft” can be
any ship, boat, submarine etc. that has a buoyant hull operat-
ing under, in and/or on the water, and that has a rotating shaft
28 penetrating from a hull interior side to a hull exterior side
through the hull. Thus, the seal arrangement 18 is arranged
and provides a seal between an exterior seawater area 20 and
a lubricating oil area 26 on the interior side, e.g. in the stern
tube area. The seal arrangement 18 is controlled and provided
with oil and pressurized air by the control arrangement 1, as
will be described below.

In the embodiment according to FIG. 1, the seal arrange-
ment 18 includes three successive seal chambers 21, 22 and
23 axially along the propeller shaft 28. Annular chamber
walls separate the successive seal chambers 21, 22 and 23
from one another, while allowing a small annular gap
between the respective chamber wall and the propeller shaft.
Leakage through these small annular gaps is avoided or mini-
mized by successive seal rings 30, 31, 32 and 33 in the form
of generally conical seal lips contacting the shaft 28. The seal
lips or seal rings may have any known construction, configu-
ration, arrangement, material composition, etc. for example
of rubber, polymer material, composite material, soft metal,
etc. Beginning from the exterior water side, a first outwardly
directed seal ring 30, a second outwardly directed seal ring
31, a third outwardly directed seal ring 32, and a fourth
inwardly directed seal ring 33 are arranged one after another
along the axial direction of the shaft, respectively sealing the
successive seal chambers therebetween. The seal ring being
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“outwardly directed” means that it is tilted conically toward
or configured conically tapered toward the hull exterior side,
while the seal ring being “inwardly directed”” means that it is
tilted conically toward or configured conically tapered toward
the hull interior side. It may be provided that a seal ring seals
more positively against flow from the direction that it is
“directed” toward. The innermost seal ring 33 provides a seal
relative to the lubricating oil chamber or area 26 of the stern
tube 27. The outermost seal ring 30 acts especially as a dirt
seal to keep exterior dirt out of the seal arrangement 18. The
outermost first seal chamber 21 is filled with circulating
water, e.g. seawater for cooling the seal arrangement, and the
water can be discharged through a passage to the hull exterior
side. The next successive second seal chamber 22 is pressur-
ized in a controlled manner by compressed air supplied
through an air supply line 39 from a compressed air source 37
via and under control of a control device 16. For example, the
air pressure in the seal chamber 22 may be set to slightly
below or equal to the water pressure prevailing at the propel-
ler shaft 28 on the hull exterior side. Preferably, the air supply
line 39 communicates into the top portion or directly at the top
of'the second seal chamber 22, and additionally a drain line 42
communicates out of the bottom of the second seal chamber
22 through a controlled drain valve 17. The drain valve 17
receives control commands from the control device 16.
Thereby, the pressurized air in the second seal chamber 22
helps to prevent the penetration of seawater from the first seal
chamber 21 past the second seal ring 31 into the second seal
chamber 22. But if any water does enter the second seal
chamber 22, it can be drained through the drain line 42 by
opening the drain valve 17 as required.

The third seal chamber 23 is filled with oil, which circu-
lates to and from an oil reservoir tank 8. Namely, an oil supply
line 43 connects the tank 8 preferably to the lower portion,
e.g. the lower half or preferably directly at the bottom of the
third seal chamber 23, and an oil return line 44 communicates
preferably from the top portion, e.g. the upper half or prefer-
ably directly at the top, of the third seal chamber 23 back to
the tank 8. This allows any air bubbles entering the oil-filled
chamber 23 to be flushed out via the return line 44.

In an alternative embodiment that is not illustrated, the oil
supply line 43 may enter the chamber 23 at about mid-height
thereof, and the oil return line 44 may connect both to a vent
port at the top of the chamber 23 and to a drain port at the
bottom of the chamber 23. Thereby, the circulating oil flow
can flush air bubbles out of the chamber 23 through the top
vent port and can flush water or solid particles out of the
chamber 23 through the bottom drain port, because the air
bubbles tend to float upward while water and solid particles
tend to fall downward.

The oil reservoir tank 8 is pressurized by compressed air
that is provided from the compressed air source 37 through a
pressurizing line 15 via and controlled by the control device
16. Thereby, the oil circulating from the tank 8 to the third seal
chamber 23 is pressurized to an appropriate pressure level in
the seal chamber 23 so as to relieve the seal rings 32 and 33 of
excess pressure, dependent on the pressure in the second seal
chamber 22 that is pressurized with the compressed air also
provided from the compressed air source 37. Namely, the
compressed air provided to the second seal chamber 22 will
not tend to blow or bubble past the seal ring 32 into the third
seal chamber 23, because the oil pressure in the chamber 23 is
at least equal to or slightly greater than the air pressure in the
chamber 22. The oil pressure in the chamber 23 can be regu-
lated or increased dynamically, by throttling the circulation
flow thereof in the circulation arrangement to be described
next.

10

15

20

25

30

35

40

45

50

55

60

65

6

To provide a forced positive oil circulation through the
third seal chamber 23 via the supply line 43 and the return line
44, a circulation pump 22 is interposed in the oil supply line
43 between the tank and the seal chamber. Furthermore, shut-
off valves 11, 12 and 13 are connected to the tank 8. The valve
11 connects to the oil return line 44, the valve 12 connects to
the oil supply line 43, and the valve 13 connects to a bypass
line 45 to be described below. By partially closing or throt-
tling the shut-off valve 11, the circulation flow of oil driven by
the pump 2 produces a dynamic back pressure, which can
further adjust or regulate the oil pressure in the seal chamber
23 as mentioned above. On the other hand, the valve 11 can be
fully opened and the valve 12 can be adjusted to avoid over-
pressuring the seal chamber 23, or in this regard the circulat-
ing pump 2 may be a variable flow pump with an adjustable
speed to vary the flow and thereby vary the dynamic pressure
conditions in the seal chamber 23. Additionally, the valve 11
may have a drain port through which oil can be drained from
the reservoir tank 8 into a catch basin or catch funnel 7 that
drains away the oil, for example into the bilge of the ship or
into an oil removal container, for example during an oil
replacement maintenance procedure. Also, when refilling the
tank or occasionally supplementing the oil in the tank 8,
overflow protection is provided by a float switch or level
switch 9 in the tank 8.

Preferably, the circulation loop includes additional ele-
ments to provide additional benefits and features of the sys-
tem. For example, in the illustrated embodiment, a contami-
nant trap or screen 6 for protecting the pump 2 is arranged in
the supply line 43 upstream from the pump 2. Additionally, a
filter 3 for removing finer contaminants (e.g. particles and/or
water) is arranged downstream from the pump 2, and is pref-
erably equipped with a water sensor, which may simply be a
float switch or level switch 4 that detects the accumulation of
water in the filter 3 of the supply line 43. This detector or
switch 4 can trigger a corresponding alarm or water accumu-
lation indication via the control device 16. In order to remove
excess heat from the oil and thereby increase the operating
lifetime of the seal rings 32 and 33, an oil cooler 38 is pref-
erably additionally interposed in the oil supply line 43. Addi-
tionally, an oil flow meter 5 is preferably arranged in the
supply line 43 to measure the oil flow rate. This oil flow meter
5 is connected to the control device 16 and to a bypass valve
10 arranged in the bypass line 45. Thus, when necessary, e.g.
if the main oil circulation line has become blocked due to an
overloaded filter or the like, the oil flow meter 5 can cause the
bypass valve 10 to be actuated to actuate the bypass line 45
from the tank 8 and also generate or trigger an alarm signal. In
this regard, the valve 10 may also be connected for signal
transmission with the circulation pump 2 and the water detec-
tor or level sensor 4. Thus, the bypass line 45 bypasses and
provides another flow path parallel to the contaminant trap or
screen 6, the circulation pump 2, the oil flow meter 5, the filter
3, and the oil cooler 38.

Thereby, with the above components interposed in the oil
supply line 43, and the oil return line 44 providing a circula-
tion loop back to the tank 8, the inventive arrangement pro-
vides a continuous flushing, cleaning, degassing and cooling
of'the oil that is continuously circulated through the oil-filled
third seal chamber 23.

In the further embodiment according to FIG. 2, the appa-
ratus basically incorporates the embodiment according to
FIG. 1, and additionally provides an oil-filled fourth seal
chamber 24 and an oil-filled fifth seal chamber 25, on the
interior side of the arrangement after the third seal chamber
23. The fourth and fifth chambers 24 and 25 are successively
sealed by additional seal rings 34 and 35 that are oriented or
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directed (e.g. conically tapered or conically sloped or tilted)
outwardly toward the hull exterior side. Additionally, a lubri-
cating oil spray supply arrangement 29 is provided to spray
lubricating oil onto the propeller shaft 28 in the area of the
interior side of the seal arrangement 18, for example instead
of the lubricating oil chamber 26 in the embodiment of FIG.
1.

Similar to the oil circulation provided for the oil-filled third
seal chamber 23, additional oil circulation loops or circuits
are provided for the fourth and fifth seal chamber 24 and 25.
Inthis regard, the fourth and fifth seal chambers 24 and 25 can
be supplied with circulating oil from the same common oil
tank and the same common oil circulation pump as the third
seal chamber 23. Alternatively, and preferably to achieve
redundancy and thus greater overall reliability and/or to pro-
vide different pressures of the oil in the respective chambers,
the fourth and fifth seal chambers 24 and 25 are provided with
separate independent oil circulation circuits similar to the oil
circulation circuit described above for the third seal chamber
23. Namely, oil supply lines 40 and 41 connect additional oil
reservoir tanks (not shown) respectively to bottom portions of
the fourth and fifth seal chambers 24 and 25, and additional
oil return lines 46 and 47 connect the top portions of the seal
chambers 24 and 25 back to the additional oil tanks (not
shown) respectively. Two additional pumps (not shown) are
respectively interposed in the two additional oil supply lines
40 and 41 between the respective tanks and seal chambers.
Just as described above, these oil circulation circuits can also
include contaminant removal screens, oil flow meters, filters,
and oil coolers.

Additionally, a secondary circulation circuit (not shown)
with a filter and a pump can be connected to any one of the
tanks 8 (or respectively to several or all of the tanks 8) to
achieve additional filtration of the oil. Such a secondary cir-
culation circuit can simply loop back to the tank for filtering
the oil and returning it to the tank, or can be provided parallel
to the primary circulation circuit described above, to provide
a second backup or bypass circuit in the event the primary
circuit becomes clogged or disabled.

Furthermore, the height of the o0il reservoir tank 8, or par-
ticularly the height h of the oil level within the tank 8, above
the centerline of the shaft 28 establishes a certain gravita-
tional potential pressurization of the oil in the oil-filled cham-
ber(s) 23, 24 and/or 25. This gravitational pressure can be
supplemented by air pressure provided from the compressed
air source 37 as described above, or may be adequate without
this additional active air pressurization. For example, by
arranging the oil tank high above the shaft centerline as a high
tank, the gravitational pressurization of the oil may be suffi-
cient, for example depending on the height of the hull water-
line above the shaft centerline. In a particular embodiment, an
oil tank 8 is preferably arranged from 0.5 m to 4 m above the
shaft centerline. Thereby, the gravitational pressurization of
the oil is sufficient to counteract the exterior seawater pres-
sure and prevent penetration of seawater through the seal
rings into the oil-filled seal chamber(s). Thus, even if the
compressed air source 37 fails or is not available (during
non-operating periods of the ship), the seal arrangement will
still effectively prevent the penetration of water from the
exterior through the seal arrangement into the interior of the
ship’s hull.

Although the invention has been described with reference
to specific example embodiments, it will be appreciated that
it is intended to cover all modifications and equivalents within
the scope of the appended claims. It should also be under-
stood that the present disclosure includes all possible combi-
nations of any individual features recited in any of the
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appended claims. The abstract of the disclosure does not
define or limit the claimed invention, but rather merely
abstracts certain features disclosed in the application.

What is claimed is:

1. A seal apparatus for sealing around a propeller shaft of a
watercraft where said propeller shaft penetrates through a
hull of said watercraft from a hull interior side to a hull
exterior side,

comprising a seal arrangement and an oil circulation
arrangement,

wherein said seal arrangement comprises a first oil-filled
seal chamber bounded between first and second seal
rings that are arranged circumferentially around said
shaft and axially spaced from one another along said
shaft, and

wherein said oil circulation arrangement comprises:

a first oil tank,

afirst oil supply line that is connected to and communicates
from said first oil tank to a lower portion of said first
oil-filled seal chamber,

a first circulation pump interposed in said first oil supply
line between said first oil tank and said first oil-filled seal
chamber,

a first oil return line that is connected to and communicates
from an upper portion of said first oil-filled seal chamber
to said first oil tank, wherein said upper portion is above
said lower portion, and

an oil in said first oil tank, said first oil supply line, said first
circulation pump, said first oil-filled seal chamber, and
said first oil return line.

2. The seal apparatus according to claim 1,

wherein said seal arrangement further comprises another
seal ring arranged circumferentially around said shaft
and axially spaced from said first seal ring toward said
hull exterior side, and a gas-filled seal chamber bounded
between said another seal ring and said first seal ring,
and

wherein said apparatus further comprises a pressurized gas
source, a gas supply line connecting said pressurized gas
source to said gas-filled seal chamber, a drain line com-
municating out of said gas-filled seal chamber to said
hull interior side, and a valve in said drain line.

3. The seal apparatus according to claim 2, wherein said
seal arrangement further comprises a further seal ring
arranged circumferentially around said shaft and axially
spaced from said another seal ring toward said hull exterior
side, a water-filled seal chamber bounded between said fur-
ther seal ring and said another seal ring, and a water passage
communicating between said water-filled seal chamber and
an exterior environment on said hull exterior side.

4. The seal apparatus according to claim 3, wherein said
further seal ring, said another seal ring and said first seal ring
are each configured and oriented with a tilt or taper toward
said hull exterior side, and said second seal ring is configured
and oriented with a tilt or taper toward said hull interior side.

5. The seal apparatus according to claim 2, further com-
prising a pressurizing line that communicates from said pres-
surized gas source to said first oil tank.

6. The seal apparatus according to claim 1, further com-
prising a compressed air source and a pressurizing line that
communicates from said compressed air source to said first
oil tank.

7. The seal apparatus according to claim 1, wherein said
first oil tank is located such that an oil level of said oil in said
first oil tank is from 0.5 m to 4 m above a shaft centerline of
said shaft.
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8. The seal apparatus according to claim 1, wherein said
first oil tank is located such that an oil level of said oil in said
first oil tank is located above a waterline of said hull of said
watercraft.
9. The seal apparatus according to claim 1, wherein said
seal arrangement further comprises a second oil-filled seal
chamber bounded between said second seal ring and a third
seal ring that is arranged circumferentially around said shaft
and axially spaced from said second seal ring toward said hull
interior side, wherein an inlet and an outlet of said second
oil-filled seal chamber are connected to said oil circulation
arrangement.
10. The seal apparatus according to claim 9, wherein said
oil circulation arrangement further comprises a second oil
tank, a second oil supply line communicating from said sec-
ond oil tank to said inlet of said second oil-filled seal chamber,
a second circulation pump interposed in said second oil sup-
ply line between said second oil tank and said second oil-
filled seal chamber, and a second oil return line communicat-
ing from said outlet of said second oil-filled seal chamber to
said second oil tank.
11. The seal apparatus according to claim 10, wherein said
first seal ring and said third seal ring are each conically
tapered or tilted toward said hull exterior side, and said sec-
ond seal ring is conically tapered or tilted toward said hull
interior side.
12. The seal apparatus according to claim 9,
wherein said seal arrangement further comprises a third
oil-filled seal chamber bounded between said third seal
ring and a fourth seal ring that is arranged circumferen-
tially around said shaft and axially spaced from said
third seal ring toward said hull interior side, and

wherein said oil circulation arrangement further comprises
a further oil tank, a further oil supply line communicat-
ing from said further oil tank to said third oil-filled seal
chamber, a further circulation pump interposed in said
further oil supply line between said further oil tank and
said third oil-filled seal chamber, and a further oil return
line communicating from said third oil-filled seal cham-
ber to said further oil tank.

13. The seal apparatus according to claim 12, wherein said
further oil tank is arranged at a height of 0.5 m to 4 m above
a shaft centerline of said shaft.

14. The seal apparatus according to claim 12, wherein said
first, third and fourth seal rings are each conically tapered or
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tilted toward said hull exterior side, and said second seal ring
is conically tapered or tilted toward said hull interior side.

15. The seal apparatus according to claim 1, wherein said
oil circulation arrangement further comprises a filter for sepa-
rating solid particles and/or water from said oil, and wherein
said filter is interposed in said first oil supply line between
said first oil tank and said first oil-filled seal chamber.

16. The seal apparatus according to claim 15, wherein said
oil circulation arrangement further comprises a water accu-
mulation sensor in said filter.

17. The seal apparatus according to claim 15, wherein said
oil circulation arrangement further comprises:

an oil flow meter arranged in series with said first circula-
tion pump and said filter in said first oil supply line
between said first oil tank and said first oil-filled seal
chamber,

a bypass line communicating from said first oil tank to said
first oil-filled seal chamber parallel to said oil flow
meter, said first circulation pump and said filter, and

an actuator-driven bypass valve interposed in said bypass
line between said first oil tank and said first oil-filled seal
chamber,

wherein said oil flow meter and said actuator-driven bypass
valve are connected for signal transmission such that a
signal from said oil flow meter can actuate said actuator-
driven bypass valve.

18. The seal apparatus according to claim 1, wherein said
oil circulation arrangement further comprises an oil cooler
interposed in said first oil supply line between said first oil
tank and said first oil-filled seal chamber.

19. The seal apparatus according to claim 1, wherein said
oil circulation arrangement further comprises a secondary
circulation circuit including a secondary circuit pump and a
secondary circuit filter arranged in a secondary circulation
line attached to said first oil tank.

20. The seal apparatus according to claim 1, wherein said
upper portion of said first oil-filled seal chamber is above said
lower portion of said first oil-filled seal chamber with respect
to earth’s gravity, and wherein said first circulation pump is
configured and arranged to pump said oil in a direction from
said first oil tank, through said first oil supply line, through
said first oil-filled seal chamber, through said first oil return
line, back to said first oil tank.

#* #* #* #* #*



